Abstract-Learning computer programming language in harmony with practical coding activity while ensuring proper content progression is critical in introductory programming courses. Novice programmers usually face difficulty in acquiring the foundation level programming concepts adequately that usually lead to disappointment and ultimately back off. Bloom's Taxonomy has been generally adopted by educators as a standard for assessing learning progression of students. In past there have been lot of research work on adopting Bloom's taxonomy and its variants for computer programming languages, however none has specifically looked at an automatic mechanism to evaluate the six levels of Bloom's taxonomy on code level directly. In this paper we reviewed different approaches for assessment of programming code and discusses the challenges involved to implement the Bloom's taxonomy in programming languages directly on code level.
I. INTRODUCTION
Students of the introductory programming courses usually face complications while learning the basic concepts of programming language. Most of the first year university students come directly from high schools. These students usually have no programming background [1] . At university, students learn the basic foundation level concepts of Java programming language during first semester, while in the second semester they are introduced to advanced programming concepts including Object-Oriented Programming. This exposure to advanced programming syntax, as well as shift to the object oriented paradigm makes it more challenging for those students to learn. High dropout rate at the introductory programming course is the general consequence due to complications involved in difficult learning process of programming [2] .
In this era of science and technology, the adoption of computer applications plays a vital role in the advancement and growth of any country. For this reason, governments pay special attention to various fields of science and technology especially to computer science by helping the new generation to attain and learn how to deal with technologies and computers, in order to benefit from them. This result in developing a nation, characterized with clear philosophy, vision and production [3] . Considering the importance of technology, it has become a responsibility on the educational establishments to make the most of their existing resources in order to adapt with the global world, where information and the strength of the associated technologies will become the core aspect in attaining the financial development and nourishing nation's wellbeing [4] . In this context, the information as well as technology of an advanced country are regarded as national resources [5] . The nation with more information and technology means that they will turn into the holders of the power, authority and command in the world [6] . For instance, the United States of America stresses on the significance of information technology adoption in order to attain its national as well as international objective, vital and constant economic development, democratic development, effective solution to international ecological problems, and providing better healthcare services [7] . Similarly, the Europe realized the significance of information which they refer as information society. In this regard they initiated several scientific research and development projects in the area of communication and technology [8] .
In this paper we highlighted the importance of educational taxonomies in section 2. A review of existing taxonomies is discussed in section 3. Similarly a detailed review of taxonomy based assessment approaches for programming code is presented in section 4. Conclusion and suggestions are given in section 5.
II. EDUCATIONAL TAXONOMIES

A. Learning Outcomes
Educational taxonomies play a vital role in building learning objectives and measuring various achievement levels of student. Moreover, educational taxonomies can also be adopted in the field of research like categorization of test items and inspect the scope of learning. The renowned educational taxonomies are general in nature and based on the fact that the structure of learning outcomes is almost similar for all subjects, treating arts and science subject with the same approach. On the other hand, taxonomies are complex to use and educators find it difficult to agree on the uniform classification of various items. This ultimately results into reducing the benefits of taxonomy from instructors' point of view [9] .
Taxonomy refers to a classification scheme that is wellorganized in some way. For example, Linnaeus's taxonomy organized living beings into a tree like structured hierarchy. This approach assists biologists to figure out the affiliation between members of the animal and plant kingdoms and hence to correspond precisely about these two kingdoms [10] . Moreover, taxonomies in context of educational objectives can be adopted to present a mutual tool for developing learning outcomes and achievement level in assessment. Educational taxonomies in most of the cases are not structured like tree (unlike biological taxonomies). Educational objectives are broadly divided into three domains, cognitive, affective and psychomotor. The legendary Bloom's taxonomy, consider each of these domain as a single dimensional range [10] while the revised Bloom's taxonomy on the other hand express the cognitive domain via a matrix approach [11] . Similarly other taxonomies such as the SOLO taxonomy, adopt a set of categories to illustrate a blend of qualitative and quantitative variations between the learning achievements of students [12] . In addition, there are some taxonomies claiming that they can be applicable to all three domains evenly.
B. Application of Taxonomies
According to Biggs [13] , learning taxonomies assist with "understanding about understanding" and "communicating about understanding" as they express and classify the phases in cognitive, affective and other dimensions of a learner. Therefore, learning taxonomy acts as a tool that assists in learning perspective in different ways, for example it can be used to describe the course objectives based on the topics coverage as well as in context of required level of understanding for each topic [14] . Moreover, learning taxonomies are broadly applicable to define the learning levels of a learner for a specific topic, For instance, a student may be able to define and explain binary search algorithm by heart but at the same time he may not be able to implement binary search algorithm.
Generally an instructor wishes that students should learn a topic at a specific level of taxonomy, like students may be required to only understand the concept of binary search algorithm without its application. This can help the instructor to assess performance of students at a specific level of taxonomy [15] . Moreover, the level number can be found by analyzing the answers of students, which ultimately can help the instructor on achieving a specific learning level of taxonomy by revising the teaching approach. In addition, introducing students to a learning taxonomy can help to enhance their level of understanding and help them to improve their studying approach [16] . Learning taxonomy is also useful to develop organization of exercises and questions in computer-based instruction system [17] .
C. Importance of Taxonomy in Computer Science
Improvement of computational thinking and problem solving ability are the most crucial objectives in the field of Computer Science education. In practical, skills in the computational thinking are strongly associated with the concepts and approaches of Computer Science. The skills in Computer Science education includes the fundamentals of programming concept like generalization, decomposition, abstractions, various data structures etc [18] .
A range of factors are required to consider in finding the appropriate level of an assessment in the field of Computer Science. However, to be more specific, "challenge level" of an activity is a relative perception that may differ under different circumstances. Moreover, a proper measurement mechanism is required to find the proper challenge level pertaining to different circumstances [19] .
III. REVIEW OF EXISTING TAXONOMIES
Researchers and educationists have established scope of taxonomies, advancement stages and various instructional design approaches that intent to assist in developing process of learning outcomes, educational resources, and assessments. These taxonomies have been based on a spectrum of different educational theories and research.
A. Bloom's and Revised Bloom's Taxonomy
Dr. Benjamin Bloom is a pioneer in learning taxonomy. He was an educational psychologist and was fascinated in enhancing the student learning approach. Bloom and his team of expert educators worked in late 1940s on systematic classification of educational goals and objectives. As a result, they identified three categories of learning along with the taxonomy of categories of thinking [10] . These three categories need learners to utilize various range of mind involvement in order to attain desired results under a learning condition. Therefore, special focus is required while designing instructional goals and objectives for these domains in order to support the various approaches. Figure 1 is globally adopted by educators from different fields of study as an educational planning tool. The original Bloom's taxonomy was criticized by educators mainly due to the reason as it focuses very slightly on the process of learning by students and about the characteristic of the subject [20] In the year 2001, an ex-student of Bloom along with instruction experts published a modified version of the taxonomy so that it can fulfil educational practices of the advanced era. In the revised Blooms taxonomy, all the six categories were modified from nouns to verbs since verbs portray actions and thinking as shown in Figure 2 . However, both Bloom's taxonomy and revised Blooms taxonomy are represented as hierarchical frameworks where each level is followed by more complex level. In other words, it means if students who covered a specific level have also covered the underneath level(s) [11] . Bloom's Taxonomy is a valuable tool while designing course outlines as the different levels assist the instructors to progress the students' learning approach from the very basic level like remembering and understanding to the most complex level like evaluating and creating in a very systematic way [21] .
B. The Matrix Taxonomy 1.8.2 The matrix taxonomy was proposed by a group of experts in order to present a more related and realistic framework for assessment in the fields of computer science and engineering. The primary goal of this taxonomy is computer programming languages, in addition to other fields of complex engineering systems. The taxonomy is based on the research work [22] where the authors emphasize that understanding of a computer program code and the capability to write a computer program code are two semiindependent traits. This implies that students capable of comprehending program code may not be guaranteed to write the same program code. Furthermore, the students capable to write program code may not be able to debug same program. The matrix taxonomy is based on the revised Bloom's taxonomy [13] that handles the problems with linear fashion at the higher levels of taxonomy. This taxonomy uses a twodimensional matrix approach based on the Bloom's taxonomy as shown in Figure 4 . Fig. 3 . A graphical presentation of the two-dimensional adaptation of Bloom's taxonomy [22] The two dimensions of the matrix indicate the two independent series of skills. The first skill is the capability to comprehend the program code, while the second skill is the capability to write the program code. In matrix taxonomy, the horizontal axis holds the levels associated with understanding while vertical axis indicated the production related levels, where the lower left corner indicates the lowest level.
IV. REVIEW OF TAXONOMY BASED ASSESSMENT APPROACHES FOR PROGRAMMING CODE
Teaching programming to novices involves several challenges and has attracted many researchers to work in this area. University students at the first year programming course generally face complications in grasping the fundamentals concepts of programming. Many educators adopted Bloom's Taxonomy and its variants for assessing various programming related tasks. These existing approaches are discussed in this section.
A. Criterion-Referenced Grading
In criterion-referenced grading, Lister & Leaney [15] categorized students into three categories: weak, middle and strong programming students based on their performance. In this research, the authors divided the six levels of Bloom's taxonomy into three grades, grade A, B and C as shown in Grade C is mapped with the lowest two levels of Bloom's taxonomy, knowledge and comprehension. The authors formulate three programming skill criterions for this grade:
1. Student should be capable to apply minor modifications to a program based on the given instructions in English language. This had been tested via laboratory exercises.
2. Student should be capable to understand and convert pseudo-code of an entire class into clear and compliable code. This had been tested via lab exam.
3. Student should be capable to understand simple code-snippet and explain its functionality. This had been tested via MCQs exam.
Grade B is mapped with the middle two levels of Bloom's taxonomy, application and analysis. In order to achieve Grade B, students must also qualify Grade C. For application level, the authors selected a well-specified but not too lengthy traditional programming assignment.
Similarly assignment approach was used for analysis level by introducing object-oriented concepts in order to investigate relationships between classes.
Grade A is mapped with the highest two levels of Bloom's taxonomy, synthesis and evaluation. In order to achieve Grade A, students must also qualify Grade B and C. For application level, the authors selected individual project with minimum criteria that includes that the program must have minimum of four classes where each class has minimum of three methods, minimum hundred lines of code, loops and selection statement must be used, the program must compile and run properly, and if any bug exist, it should be reported.
For synthesis level, student peer review approach was adopted. The students after completing their individual projects are required to review two projects of other students based on four factors.
1. The code is in accordance as per specifications.
2. The code is properly organized along with documentation and easy to interpret.
3. The program is easy to run and work with even for non programmers.
Find any un-documented bugs.
B. Bloom Rating
Oliver et al. [23] in his research introduced the concept of bloom rating. In this study, six different courses were selected out of which three courses were about C++ programming while the other three were about Data Communications and Networks. The researchers of this approach classified each assessment item of all six courses from 1 to 6 as per Bloom's taxonomy. Moreover weighting for each assessment item was determined of the overall assessment. They introduced an equation for calculating Bloom rating as given below:
Where, 'R' is Bloom level from 1 to 6 of an assessment item 'W' is weight of assessment item 'n' is the number of assessment items in a course Overall bloom rating for six courses has been calculated which was in the range of 1 and 6. From the results of this research, the authors concluded that programming is a complicated course even at the foundation level.
C. Summative Assessment
Shuhaida et al. [24] conducted an extensive research on assessment of coding based multiple-choice questions in final exam. The categorization of questions was based on Bloom's Taxonomy for multiple-choice questions and the SOLO Taxonomy for small coding questions. There were total of 19 multiple-choice questions in final exam out of which one was related to knowledge level, fifteen were related to comprehension level, and three were related to application level. They introduced instructor's level of complexity as low, medium and high. A low complexity level refers to the foundation aspects of programming such as definition, variables, simple instructions etc. A medium complexity level refers to the use of composite actions, simple objects, selection statements and repetitions. A high complexity level refers to nested structures, complex objects. However, instructor's level of complexity may not be necessarily reflected by the performance of the students [25] Based on this fact, the authors were interested to check the students' level of complexity as well based on their performance in the exam. They adopted student level of difficulty based on Lord scale [26] of easy, medium and hard, where 'easy' counts for a multiple-choice question which is being correctly answered by 85% or more participants, medium' refers for a multiplechoice question which is being correctly answered by 51% to 84% participants, while 'hard' refers for a multiple-choice question which is being correctly answered by half or less than half number of participants. Based on the results, the authors found no important significance among the instructor level of complexity, student level of complexity and Bloom's taxonomy.
D. Automated Analysis using Bloom's Taxonomy
Nazlia et. al. [27] presented an automated analysis mechanism to categorize the exam questions based on Bloom's taxonomy. They used rule-based approach in order to spot significant keywords and verbs for proper categorization of questions. Their work focuses on the computer programming subject domain. In their experiment they used a set of 100 questions. Their result shows that the rule-based approach is helpful in assisting the identification of the Bloom's taxonomy category properly.
E. Quantifying Student Progress through Bloom's Taxonomy
Candido Cabo [28] in his research use Bloom's taxonomy as a framework to unveil the process of transferring the knowledge and comprehension level of computer programming fundamentals into application level by producing program code. Seven factors were taken into consideration for this study as listed below. The result indicates that the novice programmer face difficulties in learning the first four levels of the Bloom's taxonomy. They found from the results that 44% of the students failed to master the first two levels.
F. An Algorithm of Bloom's Taxonomy for Programming
Course Dorodchi et al. [19] presented an algorithm of Bloom's taxonomy for introductory programming course. This research has two basic outcomes; firstly they analyze the test questions in order to discover the weak points of students, and secondly they analyze performance of students on various tests in order to make a better final exam.
They performed a series of processes to exam questions that includes creation of a rubric to extract the type of each Bloom's level, categorization of questions to proper level, identify the Bloom's level where students had problems, and provide a proper remedy to handle these problems.
V. CONCLUSIONS AND SUGGESTIONS
There has been lot of work done on using various taxonomies as a framework for assessing the novice code, however, most of them are focusing on MCQs or paper based assessment. A taxonomy based framework could be ideal if it can assess the program of novice directly at code level. This can help both the instructor as well as the novice by identifying the weak levels within the taxonomy.
